D
. The strains and plasmids used in this study are listed in Table 1 . I constructed pSD5 by inserting the SphI-EcoRI fragment containing the 5Ј end of sigD (nucleotides 1108 to 1434 in reference 6; GenBank accession no. M20144) into pKL4 (11) . This created a sigDbgaB transcriptional fusion. Additionally, I cloned the entire sigD gene into plasmid pSGMU2 (2) . I digested the resulting plasmid with EcoRI and inserted the Neo r cassette from pBEST502 (7) . The resulting plasmid, pSD4, contains an inactivated copy of sigD. All cloning experiments were done by standard methods (10) with Escherichia coli DH5␣ as the host. Details are available on request. Both plasmids were integrated into the chromosome of B. subtilis (4) , either by a Campbell-like recombination (pSD5) (Fig. 1) or by double crossover (pSD4). As a control, I integrated plasmid pDL (13) , which contains a promoterless bgaB gene, into the chromosome of B. subtilis 168. The respective strains were grown in NB (Oxoid, Basingstoke, United Kingdom), and BgaB activity was measured as described previously (11) . The result of this experiment is depicted in Fig. 2 . Transcription of the fla/che operon commences during exponential growth in the sigD wildtype strain. It was severely reduced in the sigD mutant. These results establish that fla/che transcription is directly or indirectly dependent on D .
Insertions upstream of sigD do not affect fla/che expression.
The sigD gene is part of the fla/che operon. I tested whether there is a significant influence of insertions of the test plasmid upstream of the sigD gene on fla/che transcription. I constructed a set of reporter plasmids by cloning the sequence encoding the N-terminal or C-terminal part of the D protein into plasmid pKL4 (11) . pSD6 was constructed by cloning the AflIII-EcoRI fragment (nucleotides 1434 to 1968 in reference 6), which encodes the C-terminal part of the D protein, into pKL4. pSD16 was constructed by cloning the NdeI-Sau3A fragment (nucleotides 589 to 1200 in reference 6), which contains orfB and encodes the N-terminal part of the D protein, into pKL4. Integration of these plasmids into the B. subtilis chromosome created two genetically different situations (Fig. 1 The region upstream of sigD contains a promoter. Insertion of pSD16 had no obvious influence on the transcription of the fla/che operon although fla/che transcription is dependent on D . But it is known that D is expressed even in the presence of insertions within the fla/che operon (9) . Such a transcription would be easily explained if the fla/che sequence which was cloned into plasmid pSD16 contained a promoter of its own. To test this, I constructed plasmid pSD17 by inserting the NdeI-Sau3A fragment mentioned above into plasmid pDL (13) . The resulting plasmid contained the same fla/che-bgaB fusion as pSD16. In contrast to pSD16, pSD17 was integrated into the amyE locus of the B. subtilis chromosome (13) . Therefore, BgaB activity was dependent solely on promoters within the cloned fragment. Results obtained with this plasmid will be described as sigD regulation throughout this communication. Measurement of BgaB activity showed that the fragments indeed contained a promoter activity. Promoter activity was induced during growth as in B. subtilis SD16, but BgaB activity was severalfold lower in B. subtilis SD17 (Fig. 4) . Transcription from this promoter was not influenced by mutations in sigD (data not shown).
In vitro mapping of the sigD promoter. To map the promoter upstream of sigD, I grew B. subtilis SD17 and checked sigD-dependent BgaB activity. I isolated RNA from cells with low, half-maximal, and maximal BgaB activities by using the RNeasy kit (Qiagen, Hilden, Germany). The primer used for this experiment (5Ј CTTCATAATTCAAGGATTGC 3Ј) hybridized to sigD mRNA. Primer extension was done as described previously (12) . The result is shown in Fig. 5a . An mRNA started 15 bp in front of the sigD translational start codon. Primer extension with RNA isolated from cells without or with maximal BgaB activity resulted in a weak signal. RNA isolated from a growth phase with half-maximal sigD-dependent BgaB activity gave a strong signal. The mRNA 5Ј end is preceded by a sequence with homology to sigma A promoters (Fig. 5b) . This putative promoter was named the sigD promoter.
In another experiment I determined whether this strict temporal regulation of activation of the sigD promoter is also seen at the mRNA level. I isolated mRNA from B. subtilis SD15 at different growth stages. These samples were used for S1 analysis. As a probe I used a single-stranded DNA fragment which was complementary to the 5Ј end of the sigD gene, the intergenic region between orfB and sigD, and the 3Ј end of orfB. In addition, the fragment contained part of the multiple-cloning site of pKL4. This fragment was hybridized with mRNA from B. subtilis SD17 and subsequently probed with S1 nuclease. I expected the fragment lengths to vary depending on the hy- Table 2 . Whereas relative mRNA levels from the putative sigD promoter were low at the beginning of its activity, they exceeded the levels of fla/che mRNA 30 min later. At an optical density at 600 nm (OD 600 ) of about 0.7, fla/che mRNA was again more abundant than sigD mRNA. This indicates that the sigD promoter is activated for only a short period during exponential growth.
Temporal regulation of sigD and fla/che transcription. In the next experiment, I investigated the temporal regulation of sigD and fla/che transcription. I grew B. subtilis SD6 and SD15 in NB. During mid-log phase I started to remove samples at short intervals. The OD 600 was measured and the BgaB activities of the samples were measured (Fig. 7a) . In both B. subtilis SD17 and SD6, transcription of the bgaB gene started at an OD 600 of about 0.4 to 0.5. In strain SD17, maximal activity was obtained at an OD 600 of 0.7. This rise in OD was obtained within approximately 30 min. In strain SD6, maximal BgaB activity was reached at the onset of stationary phase. The initial activation of fla/che transcription and sigD transcription happened at identical ODs. This establishes that the initial induction of fla/che-dependent BgaB synthesis is largely due to the activation of the sigD promoter.
In my next experiment, I tested whether transcription of sigD by its own promoter influences fla/che transcription. I created plasmid pSD21 by cloning the PacI-EcoRI fragment (nucleotides 1155 to 1434 in reference 6) into pKL4. Integration of this plasmid into the chromosome deletes the sigD promoter in front of the intact sigD gene (Fig. 1) . I used this strain to test fla/che-dependent bgaB transcription. The result of this experiment is depicted in Fig. 7b . Compared to that in B. subtilis SD5, activation of fla/che transcription was delayed in B. subtilis SD21. In addition, the maximal BgaB activity of B. subtilis SD21 was reduced about twofold compared to the maximal activity of B. subtilis SD5, although no promoter which is used to transcribe the bgaB gene was removed. This experiment allows two conclusions. Firstly, temporal regulation of fla/che transcription is dependent on the weak internal promoter in front of the sigD gene. Secondly, although fla/che transcription needs a functional D protein, even minor amounts of this protein which are encoded by background promoters are suf- FIG. 6 . S1 analysis of fla/che and sigD expression. B. subtilis SD17 was grown and BgaB activity of the cells was measured. Samples were removed at the indicated times and RNA was isolated. S1 mapping was done with the fragment described in Material and Methods. The same fragment was subjected to a Maxam-Gilbert sequencing reaction and was used as a size marker. Whereas fla/che-dependent transcription was detectable throughout the entire exponential phase, P sigD -dependent transcription was strictly temporarily regulated and commenced during mid-log phase. 
